ABSTRACT A major part of the growth performance in birds is the result of the combined effects of genes, including the general and specific combining ability that requires the design of an optimal mating system. The aim of this study was to fit the best model for each body weight trait from hatch to 45 days and the estimation of the variance components and the genetic parameters for the body weight traits of a crossbred population. This crossbred population was created by 4 strains of Japanese quail, including the Italian Speckled (A), Tuxedo (B), Pharaoh (C), Texas A&M (D), and the body weights of the different combinations were analyzed by 24 models including the direct genetic effect, the non-additive genetic effects including dominance and epistatic effects, the maternal permanent environmental and maternal genetic effects. The selection of the best fit model of each trait was performed based on the deviance information criteria. The variance components were estimated using a single-trait animal model analyzed with Gibbs sampling. At the early stage of bird growth, maternal genetic and maternal permanent environmental effects had a considerable contribution to the best model, but the contribution of these effects reduced with an increase in the bird's age and the additive variance contribution increased. Adding nonadditive genetic effects (dominance and epistasis) to the models significantly reduced the variance of the error and the additive genetic variance estimated with high accuracy. The estimated heritability of body weight traits for the body weights of hatch, 5, 10, 15, 20, 25, 30, 35, 40, and 45 d were 0.316, 0.170, 0.251, 0.153, 0.132, 0.164, 0.290, 0.425, 0.476, and 0.362, respectively. The ratio of maternal genetic and maternal permanent environmental was considerable especially on early age body weight but the ratio of dominance and epistatic variances on each of the body weight traits was less than 4.5% of the total variance, but led to a more accurate estimates of the direct additive genetic.
INTRODUCTION
Japanese quail, bred for meat and egg production, is the smallest poultry species. This bird is considered as an important laboratory animal for estimating genetic parameters due to its characteristics, including a short generation interval, high growth rate, and small body size (Devi et al., 2010) .
Since the Japanese quail was introduced as an appropriate breeding animal model, several reports have been presented regarding the effects of selection, inbreeding depression, and heterosis on the production traits, growth and fertility. In the crossing between heavy lines with control line males, a significant amount of heterosis in growth rate was reported in the 46 population (F1) and the body weight of the first generation was heavier than both parents (Piao et al., 2004) .
In birds, a significant part of growth and reproductive function is the result of the combined genes' effects and their changes are not feasible by selection; therefore, it requires the optimum mating system for the use of the general and specific genes' abilities (Ooi et al., 1975) . The maternal effects of a female bird are results of the genotype and the environment and the additive genetic parts inherited from both parents. Therefore, the genotypic difference between dams exhibited as phenotypic differences of their offspring when they became dam. So, the maternal genetic effects appeared one generation later than the additive direct effect. In the selection programs, especially for the dam lines, a consideration of the maternal effect of the bird is necessary. Maternal effects in birds are more important than in other animal species because the maternal effect in chickens is associated with the characteristics and the quality of the egg at laying time (Lotfi et al., 2012) . Negative correlations have been reported between maternal and direct genetic effects in some animal species (Hartmann et al., 2003; Hassen et al., 2003) .
Due to the antagonistic effects of the additive genetic and maternal genetic effects on most animal species, especially poultry, the understanding of the maternal effects on the studding traits and the correlation between these effects are necessary to obtain unbiased estimates of heritability (Sezer, 2007) .
Estimation of genetic parameters of body weight at different ages was reported for quail and poultry in various studies (Resende et al., 2005; Vali et al., 2005) . The estimated direct heritability for body weight traits at different ages has been reported to be significant, with the lowest value for hatching weights (0.22) and the highest value for higher ages (Sezer, 2007) . Saatci et al. (2003) reported a decreasing trend of estimated heritability by increasing age, but Resende et al. (2005) reported an increasing trend and some researchers have reported no trends (Mielenz et al., 2006; Narinc et al., 2010; Pourtorabi et al., 2017) . The range of heritability for body weight from hatch to 6 wk was reported as 0.007 to 0.61 by random regression (Akbaş et al., 2004) . Nasiri-Foomani et al. (2014) reported that heritability across models for 5 wk body weight was ranged from 0.11 to 0.22. They also stated that maternal heritability for W 0 , W 28, and W 35 was estimated 0.18, 0.27, and 0.11, respectively. The range of heritability for body weight was reported between 0.03 and 0.23 by the REML method, and heritability were lower for body weight at 0 to 21 d old compared to 28 to 42 d old (Barbieri et al., 2015) . The maternal genetic and permanent environmental variance to phenotypic variance ratio for W 0 were 0.18 and 0.45, respectively. High values of the maternal permanent environmental variance to phenotypic variance ratio for W 0 imply a strong influence of maternal permanent environmental effects on this trait (Nasiri-Foomani et al., 2014) . Saatci et al. (2006) reported that W 0 had the highest maternal heritability among performance traits in Japanese quail.
There are various reasons for estimating the dominance variance in animal models, including the unbiased estimation of heritability, the more accurate prediction of additive genetic effects, and the use of dominance effects in the crossing or design of specific mating among birds. Dominance can affect all genetic parameters in crossbred populations (Rohe et al., 2000) . Although many studies have been conducted in birds to estimate the dominance effects, there is no report for the Japanese quail population. Therefore, the aim of this study was to determine the best model describing the body weight traits of different ages and estimating the additive and non-additive genetic variances with the best model in crossbred populations of Japanese quail.
MATERIALS AND METHODS

Experimental Birds and Management
The present study was carried out at the Research Center of Special Domestic Animals, University of Zabol, Iran. To produce the different gene combinations, 4 strains of Japanese quail, including Italian Speckled (A), Tuxedo (B), Pharaoh (C), Texas A&M (D) strains, were used in a partial diallele cross design over 4 generations. The partial diallele cross design used in this study is shown in Figure 1 . For each strain, 12 quails (6 males: 6 females) were used to generate first generation (AB, BA, CD, and DC). From each of the 4 combinations (AB, BA, CD, and DC), 10 quails were randomly selected and generated ABCD and DCBA combinations, then to generate next generation, 40 quails (20 males: 20 females) were selected from each of ABCD and DCBA. In all generations, selection and mating of quail was random. The mean of body weight in 45 d old for Italian Speckled (A), Tuxedo (B), Pharaoh (C), Texas A&M (D) strains was 219. 37, 214.74, 220.36, and 199.45 g, respectively. For each generation, at the hatching stage, the chicks were individually identified by wing labels providing the pedigree record. A balanced diet containing 25% CP and 2,900 kcal ME/kg and water were supplied ad libitum. Lighting program was 24 h during whole period. The chicks were reared in a room with temperature of 35
• C during the first week, 30
• C in the second week, and at 20 to 25
• C subsequently.
Measured Traits
After hatching, the live body weight was measured every 5 d, from hatching to 45 d, using a sensitive, digital electronic weighting scale. A total of 1,794 records from the mating of 70 sires and 72 dams were 
Estimation of Genetic Parameters
The (co)variance components for body weight traits were estimated via Gibbs sampling in a single trait analysis. The models which were used for each trait were as follows:
where y was the vector of the observed traits; X was the incidence matrix associating data to the fixed effects (year-month of hatching, hatch, sex, generation); b was the vector of fixed effects; Z 1 , Z 2 , Z 3 , and Z 4 were the incidence matrices associating data to the additive genetic, maternal genetic, dominance, and epistasis (A * D) effects, respectively; W was the incidence matrix associating data to the maternal permanent environmental effect; and a, m, pe, d, ad, and e were the vectors of additive genetic, maternal genetic, maternal permanent environmental, dominance, epistasis (A * D), and residual random effects, respectively. The prior distributions for additive genetic, maternal genetic, maternal permanent environmental, dominance, epistasis (A * D), and residual random effects were assumed multivariate normal distributions with mean 0 and variance A σ , and residual variances, respectively; A, D and, AD are numerator relationship matrix, dominance relationship matrix, and epistasis relationship matrix; I d and I n are identity matrixes with orders equal to the number of dams and records, respectively; and σ am is the covariance between additive and maternal genetic effects.
Residual variances were considered heterogeneous, dividing population into 8 subclasses (AB. BA, CD, DC, ABCD, DCBA, ABCD-DCBA, DCBA-ABCD combinations) for all traits; also all models were analyzed with unknown parental groups. The comparison of models was performed using the deviance information criteria (DIC) as follows:
where PD was the effective number of parameters and it was calculated as follows:
andD was the posterior expectation of the deviance
where y and θ were the data and unknown parameters of the model, respectively; p(y|θ) was the likelihood function; and C was a constant that was deleted in all calculations that compared the different models (Berg et al., 2004) . The Gibbs chains for single trait analysis were generated with 1,500,000 iterations, with an initial discard of 150,000 samples, and a sampling interval of 100 iterations. Therefore, for each analysis, 13,500 samples of (co)variance components were obtained and genetic parameters were calculated as the average ratio of samples. The convergence checking of the chains generated by the Gibbs sampler was done using graphical analysis and diagnosis tests (Gewake algorithm) available in the Bayesian output analysis program (BOA) (Smith, 2007) . The nadiv R package estimated the inverse matrixes for dominance and epistasis (Wolak, 2012) , and the GIBBS3F90 software was used for the calculation of the variance component (Misztal et al., 2014) .
RESULTS AND DISCUSSION
The least squares means of W 0 , W 45 , and weight gain from 1 to 45 d old for 4 strains and its crossbreds are presented in Table 2 . Mean of W 0 of A and B strains was higher than others strains (C and D). Between 2 lines reciprocal crossbreds (AB, BA, CD, and DC), CD and BA crossbred had the highest and lowest W 0 , respectively. Mean of W 0 for 4 lines crossbreds (ABCD and DCBA) had not significant difference (P > 0.05). Significant difference of W 0 was observed between ABCD-DCBA and DCBA-ABCD (P < 0.05).
Two purebreds A and C had the highest final body weight. The highest and the lowest W 45 were observed in CD and DC crossbreds. The least squares means of W 45 for all of 4 lines crossbreds as ABCD and DCBA were the highest in comparison with the purebreds and other crossbreds.
The comparison and determination of the suitable model for the trait analysis were performed by the DIC. The DIC values of the different models for each trait are shown in Table 3 . The model with the lowest DIC indicates the suitability of that model. The model with additive genetic effects of animal, maternal genetic, and maternal permanent environmental effects (model 8) was the best suitable model for hatching weight (W 0 ). For W 5 trait, model that includes additive, maternal genetic, maternal permanent environmental and dominance effects was the best model (model 16). In other body weights from 10 to 25 d, the full model (model 23) was contributed to exploring of phenotypic variation but the genetic and the maternal permanent environmental contribution gradually reduced and were added to the direct additive genetic and non-additive effects. After 25 d old, model 5 was selected as a best model for W 30 and model 1 was shown to be suitable for the, W 35 , W 40 , and W 45 traits, respectively, including the direct additive genetic of the animal and dominance effects. Norris and Ngambi (2006) reported that the contribution of the maternal genetic and maternal permanent environmental effects decreased from hatch to 21 wk of age. In the present study, there was an increasing trend for the additive genetic effects of animal and reducing the maternal genetic and environmental effects from hatch to 6 wk. Since the studied population was crossbred, the non-additive genetic and epistasis effects had significant impacts on body weight after the hatch, and these effects are present in the suitable model for most traits. Thus, these effects must be fit in the analysis of these traits for accurate estimates. In quail, the maternal genetic effect seems more important than the maternal permanent environmental effect. So, the maternal genetic variance ratio was significant for most traits (except W 30 , W 35 , W 40 , and W 45 ). Also, the maternal permanent environmental effect had the most contribution of early body weights from hatching to 25 d. Thus, the fitting of the non-additive genetic and maternal permanent environmental effects in the model increased the accuracy of the estimates by reducing residual variance (Table 3) . The variance components for body weight traits in different ages are presented in Table 4 . The lowest additive genetic variance was for hatching weight and it increased with the age of the bird in such a way that the highest additive genetic variance values were observed in W 40 . The additive genetic variance of W 45 was lower than of W 40 , but it was higher than body weight traits prior to W 40 . The contributions of the maternal genetic effect variance (V m /V p ) from W 0 to W 25 traits were decreasing, but were insignificant for other traits including W 30 , W 35 , W 40 , and W 45 were removed from the suitable model. Maternal genetic variance as a percentage of the total variance was 66.9% and 9 to 14% for W 0 and other traits, respectively (Table 4) . Also, the maternal permanent environmental effect has a decreasing trend from hatching body weight to W 25 traits. The maternal permanent environmental to phenotypic variance ratio for W 0 and other traits were estimated to be 9.8% and 2 to 4%, respectively.
A part of the irregular variation on the trend of additive genetic variance in body weight at different ages is probably due to the changes in the models for estimation of genetic parameters. The results of the studies showed that the additive genetic variance increased from hatch to 4 wk (in the black and brown strains of quail, it increases from 0.14 to 0.55 and 0.09 to 0.51, respectively) (Devi et al., 2010) . These changes in body weight at different ages reflect the pleiotropic effect of gens. Therefore, selection in younger ages can result in improved body weight at higher ages. The additive genetic variance for hatch, 7, 14, 21, and 28 d traits of Japanese quail with the same model was reported to be 0.15, 4.18, 14.62, 27.8, and 32.68, respectively, which shows a regular trend (Resende et al., 2005) . By adding the dominance effect to the model, the contribution of additive genetic variation was less than that of the model with only additive genetic effects (Mielenz et al., 2006) . This was due to the differentiation of the dominance variance from the additive genetic environment variance. In the present study, a similar result was obtained for the crossbred population of quail. The correlation between the maternal genetic and direct additive genetic for different traits is negative and was estimated in the range of -0.21 to -0.83 (Sezer, 2007) , which is in agreement with the findings of this study. The estimated maternal permanent environmental variance values for hatching weight (0.5), 7 (0.11), and 14 (0.07) d found by Resende et al. (2005) were similar to the results of the present study. The increasing trend of maternal permanent environmental variance from hatch to 28 d was reported for Japanese quail by the Bayesian method (Daikwo et al., 2013) , which contradicts the findings of the present study.
The contributions of non-additive genetic variance including dominance and epistatic (additive * dominance) effects for most of the body weight traits except for W 5 , W 10 , W 15 , W 20 , W 25 , and W 30 were significant and are part of the suitable model. The contributions of non-additive genetic variance for W 0 , W 35 , W 40 , and W 45 were insignificant, which could be due to the interaction of maternal genetic and maternal permanent environmental with residual and direct additive genetic that contributed more to the overall variance. Although the non-additive genetic effects increase from 5 to 30 d of age, the contribution of dominance and epistatic variances were less than 4.5% of the total variation. Therefore, in crossbred populations, due to the heterosis effects in the progeny, the gene combination effects can play an important role in the genetic parameters.
As the birds' age increased, the residual variance increased for body weight traits. The lowest and highest residual variances were observed for W 0 and W 45 . Regarding the control of environmental conditions including temperature, humidity, and ventilation during incubation, the amount of variation in the hatch weight was reduced, but with increasing age, the environmental variation in the population increased and reached the highest rate at the time of slaughter. In the present study, the estimated residual variance for these traits was similar to other studies on Japanese quail (Daikwo et al., 2013) . Table 5 presents the additive and non-additive genetic parameters including direct heritability, maternal genetic, maternal permanent environmental, dominance and epistasis to the phenotypic variance ratio of body weight from hatch to 45 d old. The range of the heritability of traits varied from 0.132 to 0.476 and the lowest and highest values were estimated for W 20 and W 40 , respectively. Heritability for W 45 was lower than W 40 , but still higher than the most body weight traits at the lower ages. The estimated heritability for W 0 was relatively high (0.316), and it was due to a significant decrease in residual variance. The high heritability for W 0 can be related to lower environmental effects because the hatchery management creates the same conditions for each generation and hatch, and the estimation of heritability was affected by genetic and environmental maternal effects. Tigli et al. (1997) reported that the higher than normal estimate of heritability higher in the quail population is due to genetic and environmental maternal effects on this trait. The maternal variation before egg production i.e., egg size can be another reason for higher estimation of heritability for hatching weight (Aggrey and Cheng, 1992) .
The estimated heritability from hatch to W 45 had irregular and increasing variation. The correlation between body weight at different ages for the UFV1 and UFV2 strains of quail was reported on a range of 0.25 to 0.53 and 0.27 to 0.53, respectively (Silva et al., 2013) . Therefore, selection for hatching weight or body weight related to young age could lead to favorable genetic improvement.
The estimated direct heritability in the present study was similar to that obtained by other studies in Japanese quail (Vali et al., 2005; Shokoohmaud et al., 2007; Bonafé et al., 2011) . The results of the studies showed that the estimated heritability of body weight traits at different ages in the first and second generations of selection was high for most traits except body weight at 5 and 6 wk. The heritability of hatching weight and body weight at 4 wk was medium, and it was low at 5 and 6 wk (Manaa et al., 2015) . Magda et al. (2010) reported that the heritability for hatch, 2, 4, and 6 wk body weights in Japanese quails (0.82, 0.9, 0.25, and 0.21, respectively) was higher in second generation compared to the first generation (0.82, 0.77, 0.16, and 0.19, respectively) , but in the third generation the lowest heritability was observed for all of body weight traits (0.74, 0.24, 0.30, and 0.10, respectively) . Heritability for body weight from hatch to 6 wk was reported as 0. 22, 0.39, 0.31, 0.38, 0.46, 0.5, and 0.56 , thus indicating an increasing trend (Sezer, 2007) . Such an increase in the heritability of body weight traits with (increasing) age has also been reported by other studies on Japanese quail (Aggrey and Cheng, 1994; Minvielle, 1998; Resende et al., 2005) . However, some researchers reported a decreasing trend with age in Japanese quail (Saatchi et al., 2002) , because the maternal permanent environmental effects were mixed with additive genetic effects (Resende et al., 2005) .
Some reports of direct heritability estimates in Japanese quail showed no particular trend (Mielenz et al., 2006) . The results of some studies have shown that the estimated heritability for body weight traits from birth to 45 d with models including dominance and additive effects are smaller than for simple models (Mielenz et al., 2006) .
The heritability of maternal genetic and maternal permanent environmental effects for body weight decreased with increasing age of the bird (Table 5 ). The highest and lowest heritability of the maternal genetic and maternal permanent environmental effects was related to W 0 and body weight at the end of the age (Table 5) . Saatchi et al. (2006) reported the heritability of the maternal genetic and maternal permanent environmental effects to be 0.74 and 0.24, respectively, in quail. Maternal genetic effects played a significant role in the body weight from 7 to 49 d, but the contribution of the mother's permanent environment was negligible. Also, the increasing tendency of additive genetic effects and the reducing tendency of the maternal genetic and the maternal permanent environment effects from birth to 49 d were observed (Lotfi et al., 2012) . The maternal permanent environment proportion decreased after hatch and its values for hatching weight, 7, 14, 21, and 28 d of age was reported to be 0.5, 0.11, 0.07, 0.07, and 0.08, respectively (Resende et al., 2005) .
The overestimation of maternal genetic and maternal permanent environment heritability can be attributed primarily to unknown environmental effects on growth traits in Japanese quail. Second, the interaction of dominance variance with maternal genetic variances, maternal permanent environment, and epistatic effects can lead to overestimations of maternal genetic and maternal permanent environment variance. Third, the inadequacy of the volume of data leads to different results in different studies of quail (Mielenz et al., 2006) . Also, changes in the allele frequency due to selection over the years are another factor influencing the different results of the studies by different researchers. The ratio of dominance and epistasis variance was less than 2% in most of the body weight traits (Table 5) , but improved the prediction of variance components and genetic parameters. Therefore, in order to improve genetic progress in crossbred populations, it is necessary to fit the dominant and epistasis effects.
CONCLUSION
In this study, the body weight traits from hatch to 45 d of age of crossbred quails were analyzed by 24 different models including additive genetic, dominance, epistasis, maternal permanent environmental, and maternal genetic effects. The results showed that the best model for each of the body weight traits was different. The contribution of maternal permanent environmental and maternal genetic effects was considerable for body weight traits when the birds were younger, but it reduced gradually. Also, in most of the traits, the non-additive genetic effects including dominance and epistatic were involved in the best model of traits. The interaction of genetic and non-genetic factors on body weight traits and its effect on the estimated additive genetic variance can increase the accuracy of estimated breeding values and genetic gain.
